Abstract-Electric vehicles (EVs
Introduction

Reduction in oil and fossil fuel resources force the mankind to seek other energy resources. The consumption of fossil fuels also has environmental impacts. Electric energy from renewable resources is the most important and clean source of energy that can be converted into today's need in effective ways.
All mechanisms of EVs almost consist of electrical systems. The EV drive system also uses electric and electronic circuits to operate. Silva et al. (2007) evaluated a remote experiment for controlling a motor using a PID algorithm programmed in Lab View environment. They tested the algorithm by different proportional, integral and differential values [1] . Mrozek et al. (2000) simulated an industrial DC driver using two techniques: fuzzy control and PID control. They concluded, despite the fact that the fuzzy drive was successful, the fuzzy controller was more difficult to design compared to PID [2] . Pravadalioglu (2005) designed, constructed and evaluated a permanent magnet DC motor drive using PI type fuzzy controller. He simulated the controller by MATLAB and compared simulink and experimental results. It was noted that the designed driver showed better performance in a wide range of applications [3] . Kumar et al. (2008) [4] . Nouri et al. (2008) proposed an adaptive control of a DC motor using neural network. They validated experimentally the performance of a recurrent neural network structure combined with the inverse model control on a DC motor drive system and reported good performance results [5] . Thirusakthimurugan et al. (2007) designed and simulated a permanent magnet brushless DC motor drive system for speed and position controls. Their simulation results indicated that the proposed control performance is precise for up to 6-10 times that of rotor inertia changes [6] . Santana et al. (2002) • Providing thermal protection circuit.
Materials and methods
• Under voltage cutback function to protect the system against low battery voltage.
• Forward/backward speed selection, using a power switch.
• A master key switch, to turn the system off when not in use.
• Two power fuses, to protect from accidental shorts.
• A two way potentiometer for steering in both ways. 
Fig. 2. a) Schematic diagram of a series motor, b) kinematic analyses of motor's rotor
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so rewriting Eq. (2) in order to
T ind is defined as a function of N using the following equation: Fig. (3 Fig. (2-b) , and Kirchhoff's laws in Fig. (2-a) yields Eq. (8) and (9) respectively. 
) illustrates the schematic diagram of a PID control. The error term, e(t) is derived by subtracting the feedback (motor speed), u(t) from the set point (set speed from input), r(t) as shown in Eq. (6).
Fig. 3. DC motor control system block diagram The error is in terms of a number of encoder counts per unit time. For P Gain a simple proportional coefficient K p is multiplied by the error term. The integral coefficient K i is multiplied by the error term and added to the sum of all previous integral terms; it provides response to accumulated error. Finally, the derivative coefficient K d is multiplied by the difference between the previous error and the current error and responds to change in error from one PID cycle to the next. PID control strategy is shown in Eq. (7); e(t) = set speed -encoder count = r(t) -u(t) (6)
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Where T i is integral time and T d is derivative time. Applying Newton's law in
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In Eq. (8), k.φ is the armature constant and in Eq. (9), K.φ is the motor constant (in SI units they are equal). Using Laplace transform functions from Eqs.
14 and 15, we have: 
Results
Equations (1) (2) (3) (4) (5) were programmed in MATLAB programming toolbox for different I A from 10A to 1000A.
Fig. 4. The speed-torque, current-torque and powertorque diagram for DC series motor
The variation of N and resulted T ind , the rating speed, current and power also is shown as a function of the rating torque in Fig. (4) . This figure shows that the torque is inversely proportional to the speed of the output shaft and for start up points the torque and consequently the high power is available. Obviously, if the load is small, the speed may rise to a dangerously high value. Because of providing very high start-up torque, in the start-up the armature current is higher than normal. On the other hand, the high current and low efficiency limits the usage of high powers (the peak of the power diagram). Fig. (5) shows the experimental PWM pulses generated of the controller. In the Fig. (5-A) very ideal microcontroller generated pulses illustrated. Fig. (5-B) shows the 12 V buffer generated pulse that feed to IGBT gate. As it is seen this pulse is not as ideal as the microcontroller generated pulses. The system response for distinct P, PI and PID control is evaluated. The simulink model of DC motor by PID control is shown in Fig. (6) Fig. (9-i) 
